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(54) Control apparatus and control method of on-vehicle dynamo-electric machine 



(57) A control apparatus and a control method of an 
on-vehide dynamo-electric machine 1 are provided for 
efficiently controlling functions as a starter-motor and as 
a charging generator. In case that the dynamoelec^ric 
machine 1 acts as a charging generator, when a rotation 
speed of the dynamo-electric machine 1 is not higher 
than a predetermined value, a power is generated by 



applying a compensation current from and inverter to an 
anrnature coll 3 for phase control. On the other hand, 
when a rotation speed of the dynamo-electric machine 
1 is not lower than a predetenmined value, operation of 
the Inverter is stopped. Thus, controlling a current ap- 
plied to a field coil 4 by a field coil current control means 
5 generates a predetenmined target voltage. 



Fig. 1 
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Description 

BACKGROUND OF THE INVEISTTiON 

1. FIELD OF THE INVENTION 

[0001] The present invention relates to a control ap- 
paratus of an on-vehicle dynamo-electric machine that 
is mounted on a vehicle to act as a starter-motor at the 
time of starting an intemal combustion engine and as a 
generator after starting the intemal combustion engine. 
The invention also relates to a control method of the on- 
vehicle dynamo-electric machine. 

2. DESCRIPTION OF THE RELATED ART 

[0002] In an Intemal combustion engine mounted on 
a vehicle, it is often required to reduce numt}er of parts 
mounted on the intemal combustion engine and secure 
a space enough for an engine room. For that require- 
ment, a nnotor dynamo (hereinafter referred to as dyna- 
mo-electric machine) capable of acting both as a starter- 
motor for starting the intemal connbustion engine and as 
a generator for charging batteries may be used. Dyna- 
mo-electric machines for use in vehicles may be classi- 
fied into two types. One is a dynamo-electric machine 
that is employed in so-called hybrid vehicles and is di- 
rectly coupled with a crankshaft of an Intemal combus- 
tion engine to act for starting the intemal combustion 
engine and driving the vehicle, as disclosed in the Jap- 
anese Patent Laid-Open (unexamined) No. 
140004/1997. Another is a dynamo-electric machine 
having only the function of starting the intemal combus- 
tion engine, as disclosed in the Japanese Patent Laid- 
Open (unexamined) No.247857/1 995. From the view- 
point of securing a space enough for the engine room, 
the latter having only the starting function is generally 
employed, and in which case the intemal combustion 
engine and the dynamo-electric machine are connected 
via any belt or chain and put on practical use. 
[0003] In such dynamo-electric nnachine, a three- 
phase synchronous motor and a generator are usually 
employed. In case of using the dynamo-electric ma- 
chine as a motor, power is supplied from an on-vehicle 
battery via an Inverter. In the inverter, transistors (IGBT) 
or the like are usually used as switching elements. The 
switching elements are connected In the form of a three- 
phase bridge and controlled by PWM signal or the like, 
thus supplying a three-phase ac to the dynamo-electric 
machine. Diodes are Inverse-parallel connected to each 
switching element to fonn a rectifier circuit as disclosed 
in the mentioned the Japanese Patent Laid-Open (un- 
examined) No. 140004/1997. In case of using the dyna- 
mo-electric machine as a generator, the output power 
of the generator is rectified by the rectifier circuit and 
charges the t}atteries. 

[0004] In the mentioned prior art, in the case of using 
the dynamo-electric machine as a motor, the switching 



elements are controlled by PWM signal to supply the 
dynamo-electric machine with an ac power. On the otiier 
hand, in the case of using the dynamo-electric machine 
as a generator, field currents are controlled to use the 

5 dynamo-electric machine as a generator of a constant 
voltage. It is to be noted that in the mentioned conven- 
tional arrangement, both characteristics as a motor and 
as a generator are low as compared with an arrange- 
ment in which a starter-motor and a charging generator 

10 are separately disposed. In the technk^al field of syn- 
chronous generator, a technique for controlling a gen- 
erated voltage is known, in which a generated voltage 
is controlled by applying a phase controlled compensa- 
tion cunrent from an inverter to an armature coil. Appll- 

15 cation of such a control technique to an on-vehble dy- 
namo-electric machine may be certainly effective from 
the viewpoint of improving the perfomnance at a low 
speed. However, the on-vehide dynamo-electric ma- 
chine is operated over a wide range of rotation in actual 

20 use, and therefore there arise various disadvantages in 
employing the mentioned control technk^ue. 
P005] For example, it is herein supposed that a mode 
for generating a power by applying a phase-controlled 
compensation cun-ent from an inverter to an armature 

25 coil is referred to as "inverter generation mode'. In the 
case that such an inverter generation mode is applied 
to an on-vehide dynamo-electric machine, when the 
generated voltage of the amiature coil comes up to a 
certain level, the applbation of the compensation cur- 

30 rent becomes impossible due to increase in rotation 
speed. Eventually, voltage control falls witiiin a state of 
incapability. Moreover, because the on-vehtele dynamo- 
electric machine is used while the rotation speed being 
increased by the internal combustion engine, the vott- 

35 age control becomes incapable in the range of relatively 
low rotation speed. 

SUMMARY OF THE INVENTION 

40 [0006] The present invention was made to solve the 
above-discussed problems and has an object of provid- 
ing a control apparatus and a control method of an on- 
vehk:le dynamo-electric machine, in which a function as 
a starter-motor and a fundion as a charging generator 

45 can be both efftelently controlled by shifting from the in- 
verter generation mode to the normal generation in re- 
sponse to the rotation speed of the dynamo-eledric ma- 
chine and eliminating troubles incidental to such shift. 
[0007] To accomplish the foregoing objed, a control 

50 apparatus of an on-vehde dynamo-eledric machine 
according to the invention includes: an armature coil and 
a field coil; a dynamo-eledric machine for ading as a 
starter-motor and as a charging generator that Is conv 
bined with an on-vehk:le intemal combustion engine; 

55 switching elements that are bridge conneded; an invert- 
er for supplying an ac to the armature coil of the dynamo- 
eledric machine; a field current control means for con- 
trolling a current of the field coil; and control means for 
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applying a PWN signal to the switching elements of the 
inverter and controlling the a current supplied to the field 
coil. In case that the dynamo-electric machine acts as 
a charging generator, when a rotation speed of the dy- 
namo-elec^ machine is not higher than a predeter- 
mined value, the control means generates a power by 
applying a compensation cunrent for phase control from 
the inverter to the amnature colL On the other hand, 
when a rotation speed of the dynamo-electric machine 
is not lower than a predetemnined value, the control 
means stops the operation of the inverter. Thus, control- 
ling the current applied to the field coil by the field coil 
current control means generates a predetemnined target 
voltage. 

[0008] As a result of such anBngement, it is now pos- 
sible to obtain an output power from the dynamo-electric 
machine enough to cover a wide rotation range from a 
low-speed rotation range to a high-speed rotation range, 
making it possible to cany out smoothly charging the 
battery. 

[0009] A method of controlling an on-vehicle dynamo- 
electric machine according to the invention is to control 
an on-vehicle dynamo-electric machine being mounted 
on an intemal combustion engine for vehicles, acting as 
a starter-motor at the time of starting the internal com- 
bustion engine and as a charging generator after start- 
ing the intemal combustion engine. In case that the dy- 
namo-electric machine acts as a charging generator, a 
target voltage is generated by controlling a field cun^ent 
under normal operating condition. On the other hand, 
under the conditions that engine speed of the intemal 
combustion engine is lowered and a voltage generated 
by the dynamo-electric machine does not reach the tar- 
get voltage, a power is generated by applying a com- 
pensation cunrent for phase control from on-vehide bat- 
teries to an annature coil of the dynamo-electric ma- 
chine via an inverter. 

[0010] As a result, it is possible to achieve a control 
method of an on-vehide dynamo-electric machine ca- 
pable of extrading an output power from the dynamo- 
electric machine enough to cover a wide rotation range 
from a low-speed rotation range to a high-speed rotation 
range. 

[001 1 ] Other objeds, features and advantages of the 
invention will become apparent in the course of the fol- 
lowing description with reference to the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] In the drawings fomiing a part of the present 
application. In which the same reference numerals are 
designated to the same or like parts throughout the 
same. 

[0013] Fig. 1 is a schematic circuit diagram to explain 
a control apparatus and a control method of an on-ve- 
hide dynamo-eledric machine according to Embodi- 
ment 1 of the present invention. 



[0014] Fig. 2 is a schematic diagram to explain oper- 
ation in the control apparatus and the control method of 
the on-vehtele dynamo-clectrk: machine according to 
Embodiment 1 of the invention. 

5 [0015] Fig. 3 is a schematic diagram to explain oper- 
ation in the control apparatus and the control method of 
the on-vehkde dynamo-electric machine according to 
Embodiment 2 of the invention. 
[001 6] Rg. 4 is a schematic diagram to explain oper- 

10 ation in the control apparatus and the control method of 
the on-vehble dynamo-electric machine according to 
Embodiment 2 of the invention. 
[QOIT] Fig. 5 is a schematic diagram to explain oper- 
ation in the control apparatus and the control method of 

IS the on-vehbie dynamo-electric nnachine according to 
Embodiment 3 of the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

20 

Embodiment 1 . 

[0018] Figs. 1 and 2 are to explain a control apparatus 
and a control method of an on-vehicle dynamo-electric 

25 machine according to Embodiment 1 of the present in- 
vention. Fig. 1 is a schematic connection diagram of the 
on-vehk:ie dynamo-electrk: machine and the control ap- 
paratus, and Fig. 2 is an explanatory diagram showing 
an example of operation sequence. 

30 [0019] Referring to Fig. 1, reference numeral 1 de- 
notes a dynamo-eledric machine mounted on an inter- 
nal combustion engine for vehicle (not illustrated), and 
the dynamo-electric machine 1 is connected to the in- 
temal combustion engine via belts, chains or the like. 

35 The dynamo-electric machlnel is used as a starter-mo- 
tor for starting the intemal combustion engine (not illus- 
trated) and as a charging generator for charging on-ve- 
fnde batteries 2. The dynamo-electric machine is a syn- 
chronous generator comprised of a stator having a 

40 three-phase amnature coil 3 and a rotator having a field 
coll 4. A field current is supplied from the batteries 2 to 
the field coil 4 via fiekl current control means 5. At the 
time of generating a power, the field current control 
means 5 controls a field current, thereby controlling an 

45 output voltage of the amiature coll 3 to be a target volt- 
age, and carries out a further control of the field current 
as described later in Embodiments 1 to 3. 
[0020] A control unit 7 controls the dynamo-eledric 
machine 1 . The control unit 7 includes: an inverter circuit 

50 in which switching elements 8 to 13 such as IGBT are 
three-phase bridge conneded; diodes 14 to 19 inverse- 
parallel conneded to each switching element 8 to 13, 
thereby fonming a rectifier drcurt; current detecting 
means 20 to 22 for each phase; drh^e means 23 for driv- 
es ing each switching element 8 to 1 3 of the inverter circuit 
by a PWM signal; and control means 24 for controlling 
a fundion of the dynamo-eledric machine as a starter- 
motor and a fundion as a charging generator by input- 
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ting current values from the current detecting nneans 20 
to 22 for each phase and a rotational position of the dy- 
namo-electric machine detected by a rotational position 
sensor 26. 

[0021] In the combination of Inverter circuit and the 
rectifier circuit, the switching element 8 and the diode 
1 4 fonm an upper ann of U-phase, and the switching el- 
ement 9 and the diode 15 constitute a lower amn of U- 
phase. In the same manner, the switching element 10 
and the diode 1 6 fomi an upper arm of V-phase, and the 
switching element 1 1 and the diode 1 7 constitute a lower 
arm of V-phase. Likewise, the switching element 12 and 
the diode 18 form an upper arm of W-phase, and the 
switching element 1 3 and the diode 1 9 constitute a lower 
arm of W-phase. Junctions between the upper and low- 
er arms of each phase are connected to the armature 
coil 3 for each phase. In addition, a capacitor 25 
smoothes the cun^ent of the inverter circuit, and the ro- 
tational position sensor 26 measures a rotational posi- 
tion of the rotator of the dynamo-electric machine 1 as 
described above. 

[0022] In the control apparatus of the on-vehicle dy- 
namo-electric machine according to this Embodiment 1 
of above constitution, at the time of starting the internal 
combustion engine, the control means 26 puts the drive 
means 23 into operation, and gives a PWM signal to the 
switching elements 8 to 13. The PWM signal is conform- 
ing to a rotational position of the dynamo-electric ma- 
chine 1 detected by the rotational position sensor 26. 
Thus, the dynamo-electric machine 1 is driven as a syn- 
chronous motor. After starting the internal combustion 
engine, the dynanrto-electric machine 1 acts as a syn- 
chronous generator. When the rotation speed is lower 
than a predetermined level, the control means 24 caus- 
es the switching elements 8 to 13 to operate so as to 
supply compensation cun^ent to the armature coil 3. The 
compensation current controls the output of the dyna- 
mo-electric machine 1 in such a manner that a phase of 
the generated cun'ent flowing into the amnature coil 3 
confomiing to the load of the battery 2 may be equiva- 
lently either a leading cun^ent (strong field) or a lagging 
current (weak field). This control state is hereinafter re- 
fenred to as "inverter generation mode". 
[0023] When the rotation speed of the dynamo-elec- 
tric machine 1 exceeds a predetemnined value reaching 
a rotation speed level enough to obtain a required gen- 
erated voltage, the control means 24 detects that the 
generated voltage of the amnature coil 3 exceeds the 
predetemnined value and stops the operation of the 
switching elements 8 to 13, i.e., operation of the inverter. 
At the same time, the control means 24 controls the dy- 
namo-electric machine 1 so that dynamo-electric ma- 
chine 1 charges the battery 2 while being controlled to 
a target voltage by the operation of the field current con- 
trol means 5. This control state is hereinafter referred to 
as "normal generation mode". In both inverter genera- 
tion mode and normal generation mode, the output from 
the dynamo-electric machine 1 charges the battery 2 



composed of the diodes 1 4 to 1 9 via a full wave rectifier 
circuit. 

[0024] The operation sequence in Fig. 2 shows the 
mentioned operation process. That is, when the start 

5 signal is turned ON at a time til, a torque command 
value for starting the internal combustion engine is out- 
putted from the control means 24. Thus a PWN signal 
having a predetermined duty ratio is delivered to the in- 
verter circuit, whereby the dynamo-electric machine 1 

10 comes to acts as a synchronous motor. When it is 
Judged at a time t12 that the start of the internal com- 
bustion engine has completed, the torque command 
from the control means 24 is switched to a negative val- 
ue. In confomnity with this negative torque command val- 

is ue, the PWN signal from the drive means 23 is switched 
to compensation current to the amnature coil 3. The 
compensation current Is controlled depending upon ro- 
tation speed of the dynamo-electric machine 1 and load 
of the battery 2. In case that the rotation speed of the 

20 dynamo-electric machine 1 increases and a generated 
voltage comes to exceed a predetemnined value at a 
time t1 3, the mode is switched to the nonnal generation 
mode. Thus, the torque command value from the control 
means 24 comes to zero, whereby the field current is 

25 controlled by the field current control means 5. In addi- 
tion, a positive torque command value means a current 
command as the motor, a negative torque command val- 
ue means a current command as the inverter generation 
mode, and zero means a command for stopping the op- 

30 eration of the inverter. 

[0025] When the dynamo-electric machine 1 acts as 
a power generating motor, in view of satisfying motor 
chara^eristics at the time of start, it is certain that power 
generation characteristics, in particular, power genera- 

35 tion characteristics at the time of tow rotation speed are 
obliged to be sacrificed. But, by making controls as de- 
scribed so far, It becomes possble to charge the battery 
2 from the low rotatk>n speed range. At the time when 
the rotation speed increases thereby increasing the volt- 

^ age generated by the dynamo-electric machine 1 and 
making it impossible to supply the compensation current 
from the inverter to the amnature coil 3, the control 
means 24 Interrupts giving the PWN signal from the 
drive means 23 to each switching element 8 to 13, and 
switches to the power generation under the control by 
the field cun^ent control means 5. Consequently, it is now 
possible to charge the battery 2 smoothly covering a 
wide rotation range from a low-speed rotation range to 
a high-speed rotation range. 

50 

Embodiment 2. 

[0O26] Figs. 3 and 4 show an example of operation 
sequence to explain the control apparatus and the con- 
55 trol method of the on-vehicle dynamo-electric machine 
according to Embodiment 2 of the invention. In ttie event 
that the rotation speed of the dynamo-electric machine 
1 described in the foregoing Embodiment 1 fluctuates 
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during the power generating operation, thereby the gen- 
erated voltage coming to fluctuate exceeding or lower- 
ing a predetermined value, switching takes place be- 
tween the inverter generation mode and the nomrial gen- 
eration mode. This Embodiment 2 intends to overcome 
troubles easy to occur in the case of carrying out the 
switching between the inverter generation mode and the 
nomnal generation mode. 

[0027] The operation sequence in Rg. 3 shows an ex- 
ample of control made at the time of transition from the 
inverter generation mode to the normal generation 
mode. In such a transition from the Inverter generation 
mode to the nonnal generation mode, a PWM signal de- 
livered from drive means 23 to each switching element 
8 or 13 is interrupted to quit the inverter generation 
mode. However, when the current delivered to the ar- 
mature coil 3 is In a state of a weak field, as a result of 
intenuptlng this weak field, a voltage confomning to a 
rotating speed of the dynamo-electric machine 1 is gen- 
erated. Accordingly, a high voltage is temporally applied 
to the circuit elements such as switching element 8 to 
13, which may bring ebout an over-voltage breakdown. 
[0028] As shown in Fig. 3, in the control according to 
this embodiment, at the time of transition from the in- 
verter generation mode to the nomnal generation mode, 
first, a command for switching the field currents to zero 
is is sued from the control means 24 at 131 . Thus the 
field current control means 5 interrupts the field current. 
As shown in the drawings, the fiekl current comes to ze- 
ro after passing a time conforming to a time constant of 
the field coil 4. Subsequently the torque command value 
from the control means 24 comes to zero at 132, thereby 
the PWM signal from the drive means 23 being inter- 
rupted. After interrupting the PVy^ signal, at 133, the 
control means 24 gradually increases the field current 
by operating the field current control means 5, and the 
transition to the normal generation mode completes at 
134. 

[W29] In this manner, at the time of the transition from 
the inverter generation mode to the nomrial generation 
mode, the PWM signal is intenrupted after intenrupting 
the field current for a time longer than the time constant 
of the field coil 4. Accordingly the generated voltage of 
the dynamo-electric machine 1 lowers suffk^iently. 
Therefore the transition to the power generation mode 
can be performed without generating any over-voltage 
breakdown of the circu it elements, even when weakf ield 
of the inverter is intenrupted. 

[0030] The operation sequence in Fig. 4 shows a tran- 
siting from the normal generatran mode to the inverter 
generation mode. At the time of transition, first, a com- 
mand for switching the field currents to zero is issued 
from the control means 24 at 142, thus the current field 
control means 5 interrupts the field current. Subse- 
quently, in the state that the field current is zero, a PWM 
signal is outputted from the drive means 23 at 142. there- 
by an application of a current to the amiature coil 3 being 
started. Thus the field is again tumed ON at 143. A torque 



command from the control means 24 is issued at 144, 
and the inverter controls a current of the amnature coil 
3 according to the torque command. 
[0031] At the time of transition from the nomnal gen- 

5 eration mode to the inverter generation mode, if a volt- 
age generated by the dynamo-electric machine 1 is 
high, any current cannot be applied from the inverter to 
the armature coil 3, thereby falling within control inca- 
pability. However, in this embodiment, a generated volt- 

10 age of the dynamo-electric machine 1 lowers at the time 
of switching by securing a period of intemipting the field 
cun^ent as described above. As a result, a current com- 
pensation can be supplied from the inverter to the ar- 
mature coil 3 and the control incapability can be avoid- 

« ed. 

Embodiment 3. 

[0032] Fig. 5 shows an example of operation se- 

20 quence to explain the control apparatus and control 
method of on-vehk;le dynamo-ele^ric machine accord- 
ing to Emfc)odiment 3 of the invention. This embodiment 
intends to Improve starting performance in case of using 
the dynamo-electric machine 1 as a starter-motor of an 

25 internal combustion engine. 

[0033] In the operation sequence shown in Fig. 5, 
when a starting signal is ON, first, a field command is 
issued by the control means 24. This command is set 
such that a magnetomotive force is larger than the nor- 

30 mal field current (rated value of field current), whereby 
a state is achieved, in which the magnetomotive force 
and magnetic flux generated by the field coil 4 is in- 
creased. Subsequently, a positive torque command val- 
ue is issued from the control means 24 at 152, and a gate 

35 signal (PWM signal) is delivered to each switching ele- 
ment 8 to 13. It is also preferable that 151 and 152 come 
at the same timing. In this manner, a start torque of the 
dynamo-electric machine is increased, and the internal 
combustion engine is early started. 

40 [0034] When passing a predetenmlned time from 152 
and coming to 153. the field current is returned to a nor- 
mal current value (rated value) during the period from 
153 to 154. When completing the start of the intemal com- 
bustion engine at t55, the field current is controlled to 

^ be a field current value suitable for power generation, 
and the dynamo-electric machine 1 comes to a state of 
the inverter generation mode. When the dynamo-elec- 
tric machine 1 acts as a power generation motor, it is 
certainly difficult to satisfy suffciently both start charac- 

50 teristics and power generation characteristics. But by 
canying out the above-described control, atorque at the 
time of starting can be sufficiently large so that an inter- 
nal combustion engine may be started early without fail, 
poas] In addition, when the start signal is ON at the 

55 mentioned 151, entering into the starting operation is 
possible only on the condition that a rotation speed of 
the Intemal combustion engine is not higher than a pre- 
detennined value. Accordingly, when a rotation speed 
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of the Internal connbustion engine exceeds a predeter- 
mined value, the control means 24 is constituted so as 
not to delhfer any gate signal to each switching element 
8 to 1 3 even if the start signal is ON. Such a constitution 
prevents any unnecessary application of a cun-ent to the 
dynamo-electric machine 1 during the operation of the 
intemal combustion engine due to an erroneous manip- 
ulation. As a result, it is possible to preliminarily prevent 
a breakdown accident at the part such as a mechanism 
for combination between an internal combustion engine 
and the dynamo-electric machine 1 . 
[0036] In addition , the mentioned control apparatus of 
an on-vehicle dynamo-electric machine according to the 
invention has features and advantages as follows. 
[0037] At the time of shifting from a power generation 
by application of a current by the inverter to a power 
generation of a target voltage by controlling the field cur- 
rent, as well as at the time of shifting from a power gen- 
eration of a target voltage by controlling the field cun'ent 
to a power generation by application of a cunrent by the 
inverter, the control means preferably intenupts the filed 
cunrent for a predetermined time. 
[0038] As a result, even when the application of a cur- 
rent is of weak field, it is possible to prevent the circuit 
elements from over-current breakdown due to intenup- 
tion of the field current, thus a control apparatus capable 
of preventing falling within control incapability can be ob- 
tained. 

[0039] Further, when the dynamo-electric machine 
acts as a starter-motor, the control means preferably 
controls the field current control means so as to increase 
the fiekl current to not lower than a rated value. 
[0040] As a result, it is possible to compensate suffi- 
ciently the performance of the power generation motor, 
thereby suffkHently increasing the start torque, and ob- 
tain a dynamo-electric machine capable of starting the 
intemal combustion engine early without fail. 
[0041] Further, when the dynamo-electrk: machine 
acts as a starter-motor, the control means preferably de- 
tects a rotation speed of the dynamo-electric machine, 
and any power is not supplied to the dynamo-electric 
machine in the event that the rotation speed before fum- 
ing on the power is exceeding a predetermined value. 
[0042] As a result, It is possible to prevent any unnec- 
essary application of a current to the dynamo-electric 
machine due to an erroneous manipulation, and prelim- 
inarily prevent a breakdown accident at the part such as 
a mechanism for combination between an intemal com- 
bustion engine and the dynamo-electric machine. 
[0043] Furthemnore, the mentioned control method of 
an on-vehicle dynamo-electric machine according to the 
invention has features and advantages as follows. 
[0044] At the time of shifting from a power generation 
by applk»tion of a cun-ent by the Inverter to a power 
generation of a target voltage by controlling the field cur- 
rent, as well as at the time of shifting from a power gen- 
eration of a target voltage by controlling the field cun-ent 
to a power generation by applk^ation of a cunrent by the 



inverter, the filed cun-ent is preferably interrupted for a 
predetemiined time, and the shifting is carried out after 
dropping the voltage generated by the dynamo-electric 
machine. 

5 [0045] As a result, even when the application of a cur- 
rent is of weak field, it is possible to prevent the circuit 
elements from over-cun-ent breakdown due to interrup- 
tion of the field current, thus a control method capable 
of preventing falling within control incapability can beob- 

10 tained. 

[0046] Further, when the dynamo-electric machine 
acts as a starter-motor for starting an intemal combus- 
tion engine, the field current conti^ol is preferably in- 
creased to not lower than a rated value. 

IS [0047] As a result, rt is possible to obtain a large start 
torque, and achieve a control method capable of starting 
the intemal combustion engine early without fail. 
[0048] Further, when the dynamo-electric machine 
acts as a starter-motor, a rotation speed of the dynamo- 

20 electric machine is prefereibly detected, and the dyna- 
mo-electric machine does not act as a starter-motor in 
the event that the rotation speed is exceeding a prede- 
temnined value. 

[0049] As a result, it is possible to prevent any unnec- 
25 essary application of a current to the dynamo-electric 
machine, and preliminarily prevent a breakdown acci- 
dent at the part such as a mechanism for combination 
between an internal combustion engine and the dyna- 
mo-electric machine. 

30 

Claims 

1 . A control apparatus of an on-vehicle dynamo-elec- 
35 trie machine comprising: 

an armature coil(3) and a field coil(4); 
a dynamo-electric machine(1 ) for acting as a 
starter-motor and as a charging generator that 
40 is combined with an on-vehide intemal com- 

bustion engine; 

switching elements(8'^13) that are bridge con- 
nected; 

an inverter for supplying an ac to said annature 
45 coil(3) of said dynamo-electric machine{1 ); 

a field current control means(5) for controlling 
a cunrent of said field coil(4); and 
control mean8(24) for applying a PWM signal 
to the switching elements (B^-l 3) of the inverter 
50 and controlling the a current supplied to said 

field coil(4); 

wherein, when said dynamo-etectrk: machine 
(1) acts as a charging generator, if a rotation speed 
55 of said dynamo-electrk^ machine(l) is not higher 
than a predetemnined value, said control means(24) 
generates a power by applying a compensation cur- 
rent for phase control from said inverter to said ar- 



6 



11 



EP1283 595 A2 



12 



mature coil(3); and when a rotation speed of said 
dynamo-electric machine(1 ) is not lower than a pre- 
detenmined value, said control means(24)stops the 
operation of said inverter so that controlling the cur- 
rent applied to said field coil (4) by said field coilcur- 
rent control means(5) generates a predetemnined 
target voltage. 

2. The control apparatus of an on-vehicle dynamo- 
electric machine according to claim 1 , wherein at 
the time of shifting from a power generation by ap- 
plication of a cun^ent by said Inverter to a power gen- 
eration of a target voltage by controlling said field 
current, as well as at the time of shifting from a pow- 
er generation of a target voltage by controlling said 
field current to a power generation by application of 
a current by said inverter, said control nneans (24) 
interrupts said filed current for a predetennined 
time. 

3. The control apparatus of an on-vehicle dynamo- 
electric machine according to claim 1 or 2, wherein, 
when said dynamo-electric machine(l) acts as a 
starter-motor, said control means(24) controls said 
field current control means(5) so as to increase the 

. field current to not lower than a rated value. 



plication of a cunrent by said inverter to a power gen- 
eration of a target voltage by controlling said field 
cun-ent, as well as at the time of shifting from a pow- 
er generation of a target voltage by controlling said 
5 field current to a power generation by application of 
a current by said inverter, the filed current is inter- 
rupted for a predetemilned time, and the shifting is 
canied out after dropping the voltage generated by 
said dynamo-electric machine(l). 

10 

7. The method of controlling an on-vehicle dynamo- 
electric machine according to daim 5 or 6, wherein, 
when said dynamo-electric machine(l) acts as a 
starter-motor for starting an intemal combustion en- 

is gine, the field cun^nt control Is increasedto not bw- 
er than a rated value. 

8. The method of controlling an on-vehicle dynamo- 
electric machine according to daim 5 or 6, wherein, 

20 when said dynamo-electric machine(1) acts as a 
starter-motor, a rotation speed of said dynamo- 
electric machine(l) is detected, and the dynamo- 
electric machlne(l) does not act as a starter-motor 
in the event that the rotation speed is exceeding a 

25 predetennined value. 



4. The control apparatus of an on-vehicle dynamo- 
electric machine according to claim 1 or 2, wherein, 
when said dynamo-electric machine(1) acts as a 30 
starter-motor, said control means(24) detects a ro- 
tation speed of said dynamo-electric machine(1), 
and any power is not supplied to said dynamo-elec- 
tric machine(l) in the event that the rotation speed 
before turning on the power Is exceeding a prede- 35 
termined value. 



5. A method of controlling an on-vehicle dynamo-elec- 
tric machine that is mounted on an Intemal combus- 
tion engine for vehides and acts as a starter-motor 40 
at the time of starting said intemal combustion en- 
gine and as a charging generator after starting said 
intemal combustion engine; 

wherein, when said dynamo-electric machine 
(1 ) acts as a charging generator, a target voltage is 
generated by controlling a field current under nor- 
mal operating condition, and under the conditions 
that engine speed of said intemal combustion en- 
gine is lowered and a voltage generated by said dy- 
namo-electric machine(1 ) does not reach the target so 
voltage, a power is generated by applying a com- 
pensation current for phase control from on-vehicle 
batteries to an armature coil (3) of said dynamo- 
electric machine(l) via an inverter. 

55 

6. The method of controlling an on-vehicle dynamo- 
electric machine according to claim 5, wherein at 
the time of shifting from a power generation by ap- 
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